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VEHICLE SUSPENSION SYSTEMS 

DESCRIPTION 

5 This invention relates to vehicle suspension systems which may be 

installed on vehicles, such as medium weight trucks or buses, for both front 
and rear axles, although the invention may also be applicable to heavier light 
truck and heavy truck suspension applications. 

10 ' Conventionally, two main spring systems have been used on medium 

weight trucks and buses, namely steel leaf springs and air springs. It is 
common for a manufacturer to offer steel springs as a low cost option on, for 
example, the basic model, and to offer an air spring system as the high cost 
option on higher specification models. 

15 

However, due to the leaf spring option being offered on lower cost 
base vehicles, a vehicle with a mediocre ride is often the result as the cost of 
the suspension is held down to reduce costs. Thus, the higher cost air spring 
system is perceived as being the quality riding option. 

20 

Modem developments in leaf spring technology have, however, 
yielded leaf spring suspension systems which provide a vehicle with ride and 
handling characteristics which can be as good or even better than many air 
spring systems. Such development requires a substantial capital outlay or 
25 higher vehicle costs although the complete leaf spring systems are still at a 
considerably lower price than corresponding air spring systems. 

Such leaf spring systems, in certain applications, can show 
disadvantages over corresponding air spring systems. For example, in order to 
30 achieve a high quality ride, steel leaf springs need to have considerable 
deflections from the fiill load to the free, or no-load, condition. On vehicles 
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with a high variation of imposed load, such as tnicks, buses and the like, these 
suspensions would have to have a very soft rate when unladen to maintain a 
quality ride. Such a corresponding soft rate would require a larger overall 
spring deflection. 

5 

Such large deflections can create a variety of problems in certain 
applications. This problem is avoided in air spring systems as the rate can be 
altered at virtually constant ride height by varying the pressure of the air 
spring. 

10 

In other applications, such as when the vehicle is subjected to a small 
variation in load between unladen and laden such deflections can be 
acceptable. Front suspensions on trucks and certain specialist truck and bus 
front and rear suspensions may accept large deflections, although a plurality of 
15 other problems may also arise which disadvantages leaf spring systems over 
air spring systems. 

For example, if a vehicle is fitted with soft-rate, large deflection, leaf 
springs and it is loaded unsymmetrically, in a transverse sense, the vehicle will 

20 lean very badly. Such a problem is particularly evident on front suspension 
systems where the springs are narrowly installed across the vehicle to allow 
the wheels to turn when steering. Typically, a 13 mm variance in spring height 
from side to side on these front suspension systems results in a 38 mm 
variance between the height of the wheel arches. In air spring systems such a 

25 problem is overcome by sensing the vehicle height across the vehicle and 
adjusting the pressure in each air spring to compensate, thereby leveling the 
vehicle. 

To over come these problems it is possible to add an auxiliary spring to 
30 the regular leaf spring. The auxiliary spring is normally an air spring which is 
loaded in parallel with the leaf spring, which causes its rate to be added to that 
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of the leaf spring, thereby stiffening the overall rate and reducing the ride 
quality. 

An alternative solution is to mount the auxiliary spring in series with 
the main leaf spring. This, however, creates an extremely soft ride with the 
result that the rate of the main spring has to be considerably stiffened. Due to 
the particular configuration of this suspension system, it is necessary to install 
transverse location axle rods which increase the cost and decrease the ease of 
installation. Furthermore, the loading and unloading geometry is altered with 
respect to that of parallel installations such that adverse or different geometry 
characteristics are shown. 

Accordingly it is an object of the invention to provide a vehicle 
suspension system which gives a high quality ride and one whose axle 
deflection geometric characteristics are not substantially altered by the 
associated vehicle being laden or unladen, whilst obviating or at least 
substantially reducing the problems associated with the prior art systems. 

According to a first aspect of the invention there is provided a 
suspension system for a vehicle wheel set comprising an upper leaf spring and 
a lower leaf spring each being mounted or mountable on opposed sides of an 
associated vehicle generally transversely of the associated vehicle axle, one 
end of each upper and lower leaf spring comprising connection means for 
attachment thereof to an associated vehicle chassis, and auxiliary spring means 
mounted in series with the upper leaf spring and arranged to provide the 
associated vehicle with ride characteristics and djmamic deflection geometry 
substantially the same as those of a conventional solo leaf spring system as 
herein defined. 

The auxiliary spring means may be mounted at an end distant from the 
associated connection means of the upper leaf spring. 
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A second aspect of the invention provides a suspension system for a 
vehicle wheel set comprising an upper leaf spring and a lower leaf spring each 
being mounted or mountable on opposed sides of an associated vehicle 
5 generally transversely of the associated vehicle axle, one end of each upper 
and lower leaf spring comprising connection means for attachment thereof to 
an associated vehicle chassis, and auxiliary spring means mounted in series 
with the upper leaf spring and arranged to alter its rate in proportion to the 
imposed load at constant ride height. 

10 

The auxiliary spring means preferably comprises an air spring, 
although it may alternatively comprise hydraulic, hydro-pneumatic, electro- 
mechanical or manual mechanical spring means. 

15 The auxiliary spring means may further comprise means arranged to 

detect the height across the vehicle and to adjust the auxiliary spring means to 
compensate for the difference in height. 

The system may also be arranged to obviate or substantially reduce 
20 torsion being applied to the axle and preferably maintain the full axle control 
of a conventional leaf spring system. The system may further be arranged to 
mimic the dynamic deflection geometry of a conventional leaf spring system 
around the normal loading range. 

25 In order that the various aspects of the invention are more fully 

understood, preferred embodiments of the invention in accordance therewith 
will now be described by way of example only and with reference to the 
accompanying drawings in which: 



30 



Figure 1 shows a side elevation of a prior art solo leaf spring 
suspension system; 



wo 01/83243 



PCT/USOl/14771 



-5- 

Figure 2 shows a side elevation of a second prior art suspension 

system; 

5 Figure 3 shows a side elevation of a third prior art suspension system; 

Figure 4 shows the dynamic deflections of the prior art suspension 
system shown in Figure 1; 

10 Figure 5 shows the dynamic deflections of the prior art suspension 

system shown in Figure 3; and 

Figure 6 shows a side elevation of an embodiment of inventive 
suspension system. 

15 

Referring firstly to Figure 1, there is shown a known, solo leaf spring 
suspension system, generally indicated at 1 and comprising a two-leaf spring 2 
mounted transversely of an associated vehicle axle 5 and secured thereto by a 
bracket 6, as is well established in the art. The suspension system 1 is mounted 
20 such that it is aligned with and substantially parallel to the longitudinal axis of 
an associated vehicle, the axle 5 being located normally with respect to that 
axis. The spring 2 is attached to the chassis of the associated vehicle at a firont 
eye 7 and a rear shackle 8. 

25 As previously stated, such suspension systems 1 can afford a high- 

quality ride as long as there is a considerable deflection between unladen and 
laden conditions. As discussed above, several problems are known for vehicles 
with such soft springs and consequently possible solutions have been 
proposed. 

30 
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Figure 2 details one such possible solution, in which another known 
suspension system, generally indicated at 1', comprises a two-leaf spring 2 
which is mounted in parallel with an auxiliary spring 3. Throughout the 
description the other, identical components are denoted by the same numbers 
used in relation to Figure 1. 

The auxiliary spring 3 is a small air spring which can be 'height 
sensed* to raise the spring when it is highly loaded to level the associated 
vehicle to the required height. Alternatively, the overall pressure in the system 
can be raised to increase the vehicle height for operating over rough ground or 
in other difficult terrain. 

However, because the two springs are loaded in parallel the rate of the 
air spring 3 is added to that of the leaf spring 2 which h£is the effect of 
considerably stiffening the overall rate. Moreover, these relatively small air 
springs 3 tend to be fairly stiff in relation to the loads which they carry. Thus, 
the addition of such air springs 3 considerably stiffens the suspension, 
concomitantly reducing the ride quality and, in some cases, reducing the fi-ont 
to rear suspension balance. 

If the main spring 2 is softened in an attempt to improve the ride 
quality, the axle control stiffness under braking and traction is reduced, which 
can lead to problems with steering and prop-shaft angles. 

Figure 3 shows a proposed solution to the problems associated with the 
suspension system T, as shown in Figure 2. A further known suspension 
system, generally indicated at 1", comprises an auxiliary air spring 3' 
mounted at the rear of the main spring 2. As the main spring 2 cannot be 
shackled at the rear, as was the case in the other prior art systems 1, l\ the 
suspension system 1" fiirther comprises a transverse control rod 9 mounted 
above the two-leaf spring 2 to provide the necessary transverse axle control. 
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In this system 1** the air spring 3' has to accommodate the fiill, rear, 
leaf spring cantilever and consequently the air spring 3 ' has to be larger than 
that which would normally be chosen for parallel installations. Such large air 
5 springs 3' tend to be softer relative to their loading than small air springs and 
consequently this, combined with the known effects of series loading, often 
creates a system which is too soft for normal practical installations. 

This series installation, V\ creates a jRjrther problem in that as the 
10 proportion of the system isolation provided by the air springs 3* increases, the 
more reactive the system 1" becomes during braking and traction. 
Furthermore, the necessary inclusion of the transverse control rod 9 makes the 
system more expensive and difficult to install due to the obstmction across 
the associated vehicle. 

15 

Moreover, the dynamic deflection geometry of this system T' is 
dramatically altered compared with the single leaf spring system 1. Figures 4 
and 5 show the dynamic deflection geometry for the two systems 1 and T' 
respectively. 

20 

Figure 4 shows the system 1 of Figure 1 being placed under a load, 
with A and B representing the dynamic deflections of the front and rear of the 
spring 2 respectively. As can be seen, for symmetrical springs A is equal to B 
and the axle 5 deflects squarely. 

25 

Figure 5 shows the system T* of Figure 3 being placed under a load, 
with A' and B* representing the dynamic deflections of the front and rear of 
the spring respectively and C representing the air spring deflection. The 
deflection of the rear cantilever is the sum of the deflections B* and C, 
30 whereas that of the front cantilever is A'. As is clearly demonstrated in the 
Figure, A* is less than the sum of B' and C. Consequently, the axle 5 will 
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rotate when the springs deflect. Such rotation of the axle 5, caused by the large 
extra angle changes, can cause problems with both the steering of the vehicle 
and with drive axle propeller shaft angles. 

5 Both Figure 4 and 5 show symmetrical cantilevers, although the 

problem is just as severe with asymmetrical springs. Indeed, when height 
leveling or adjustment is applied to the air spring 3' it can also cause unusual 
axie rotation. 

10 Figure 6 illustrates an inventive solution to this problem, in which, a 

suspension system, generally indicated at 10, comprises a pair of leaf springs 
20, 21 attached to an axle 15 by virtue of a bracket 16. The upper leaf spring 
21 is attached to the chassis of an associated vehicle at an eye 17 and the lower 
leaf spring 20 is pivotally connected to the vehicle chassis by a shackle 18. 

15 Each of which lower and upper leaf springs 20, 21 comprises a front and rear 
cantilever 22, 23 and 24 and 25 respectively 

An air spring 30 is mounted upon the upper leaf spring 21 toward the 
rear thereof Consequently, the rear cantilever 25 of the upper leaf spring 21 
20 and the air spring 30 are mounted in series, which effectively softens the rate 
of the air spring 30. 

As the air spring 30 is mounted well toward the rear of the upper leaf 
spring 21, the front cantilever 22, 24 carries almost as much load as the 
25 standard solo leaf spring system 1, as described above with reference to Figure 
1. Thus, the front cantilever 22, 24 can have the same rate at foil load and 
thereby maintain axle control therefrom. 

The rear cantilever 23 of the lower leaf 21 is mounted onto the chassis 
30 of the associated vehicle at a shackle 18 in a similar frishion to the single leaf 
suspension system 1. The rate of the air spring 30 and upper leaf cantilever 25, 
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as well as that of the lower leaf 20, can be adjusted to give substantially the 
same effective load displacement at the rear cantilevers 23, 25 as with the 
standard, solo leaf spring system 1. Thus, both rear and front cantilevers 23, 
25 and 22, 24 respectively afford similar or substantially identical rates at fiili 
5 load to that of the single leaf spring suspension system 1 and consequently 
maintain similar axle control. 

The dynamic geometry of the system 10 at the design load is, 
therefore, practically identical to that of the prior art system 1. The geometry 
10 can be designed such that the dynamic geometry of the system 10 is identical 
to the prior art system 1 throughout its operation, provided that the load 
variation between laden and unladen operating conditions is not too great. 

The system 10 also allows for conventional height sensing control to 
15 be moved toward the rear of the springs 21 and away from the axle centre. 
This reduces the higher load that the second leaf 20, rear cantilever 23, 25 
would otherwise have to accommodate as the air . pressure is reduced at 
constant spring height, 

20 Whilst the system 10 has been described with reference to a two leaf 

spring system, it could equally apply to a system comprising more than two 
leaves. In such applications the upper leaf configuration would remain 
identical to that described with reference to Figure 6, whereas the lower leaf is 
duplicated to suit the particular usage. Furthermore, the inventive system 10 

25 has been described as comprising an auxiliary air spring 30, whilst it is 
entirely possible to provide other forms of spring assistance. For example, the 
auxiliary spring could be hydraulic, hydro-pneumatic, electro-mechanical or 
manual mechanical or any other form of conventional spring assistance. The 
shackle 18 may also be any generally used rear leaf spring mounting. 



